There is increasing evidence that the structure and functioning of ecological communities and ecosystems are strongly influenced by flexible traits of individuals within species. A deep understanding of how trait flexibility alters direct and indirect species interactions is crucial for addressing key issues in basic and applied ecology. This book provides an integrated perspective on the ecological and evolutionary consequences of interactions mediated by flexible species traits across a wide range of systems. It is the first volume synthesizing the rapidly expanding research field of trait-mediated indirect effects, and highlights how the conceptual framework of these effects can aid the understanding of evolutionary processes, population dynamics, community structure and stability, and ecosystem function. It not only brings out the importance of this emerging field for basic ecological questions, but also explores the implications of trait-mediated interactions for the conservation of biodiversity and the response of ecosystems to anthropogenic environmental changes.
First published 2012
Printed and Bound in the United Kingdom by the MPG Books Group Cambridge University Press has no responsibility for the persistence or accuracy of URLs for external or third-party internet websites referred to in this publication, and does not guarantee that any content on such websites is, or will remain, accurate or appropriate. The colour plates are to be found between pages 432 and 433.
Foreword PETER W. PRICE
The word 'ubiquitous' crops up repeatedly in this book in relation to traitmediated indirect interactions (TMIIs) in ecology, where one species alters the interchange between two other species. Indeed, the subject of this book has a pervasive relationship with all of ecology, providing a theme and a concept that enmeshes all levels of organization, from individuals to populations, communities, ecosystems and global phenomena. Another term used frequently is 'strong effect' for the influence of such indirect interactions in communities and ecosystems. If we are dealing with ever-present and major impacts in ecology, then certainly these kinds of interactions deserve much attention. In fact, the volume of literature in this field appears to be undergoing exponential growth. Therefore, this volume is a timely reminder that the field is expanding rapidly, and a guide on how it can grow along new routes of research and application with time. TMIIs as a category of interchanges in ecology are worthy of attention from all ecologists and those in related fields such as agriculture, forestry, conservation, epidemiology, parasitology and animal husbandry. We should not be surprised by the pervasive and robust influences of TMIIs. One example: as with humans, all plants and animals produce body odours, but more so than with humans, the body odours in nature have strong effects on other species, both direct and indirect. A phytochemical may have a direct impact on a herbivore, as well as an indirect effect by acting as an attractant to the enemy of the herbivore. In a community of plants, herbivores, parasitoids and predators there is therefore a rich blend of aromas wafting around, mediating the interactions of a multitude of species. These are not necessarily feeding links that would enter into a food web, but they would become important components of an interaction web, far richer than the conventional food web. Similar increases in interaction richness and complexity are observed when we compare direct feeding links on plants versus indirect interactions emanating from herbivores altering plant traits, which provide new resources for other species. Interactions may more than triple in number when trait-mediated interchanges are recognized.
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In the equation resulting in great biodiversity there is also the role of plant genotype, which influences all trophic levels above and below ground, community structure and ecosystem processes. Therefore, genotypic diversity within populations and species, and their hybrids, has wide-ranging indirect effects, many of them surprisingly strong.
Then we should reflect upon the effects of geographic adjustment of species ranges resulting from climate change, invasive species and species introductions by humans, say, for biological control purposes. All involve animals and plants which influence residents, including in many indirect ways, creating non-analogue communities -never seen before -and a mismatch between consumers and resources. The cohesiveness of communities is disrupted in many indirect ways, such as in diffuse coevolutionary processes.
Part of the wonder and amazement that we enjoy in this literature is derived from our naturalist's fascination with nature. The subject of this book depends on the keen observer, a witness to behavioural interactions; the accomplished chemist who can unravel unseen, cryptic relationships and the formerly mysterious world of molecular processes; and the experimenter who can support or dispel notions and hypotheses on the natural world.
All these topics and many more are discussed in this book, which has become a compendium of the large literature on the vast array of interactions under the umbrella of trait-mediated indirect effects. Theory, concept, hypothesis, modelling, empirical results, predictions and applications to practical environmental problems are blended into this volume. The recognition of indirect effects enriches ecology by an order of magnitude. 
Preface
Ecologists have long found the complexity of ecological systems, brought about by the diversity of species and the myriad direct and indirect interactions among them, to be a source of awe. Such complexity represents a formidable scientific challenge as ecologists struggle to identify the fundamental mechanisms that make sense of the web of interactions that drive ecological functioning and sustainability. The most fundamental mechanism driving complexity is the process of evolution by natural selection, a process that requires variation in phenotypic traits among members of a species. One dimension of this variation is the propensity for organisms to show adaptive shifts in phenotypes to meet challenges imposed by changing environmental conditions. But this fundamental evolutionary mechanism seems somewhat forgotten in modern analyses of community and ecosystem dynamics, where conceptualizations and empirical approaches typically treat organisms (and entire species) as having a fixed set of phenotypic traits, invariant to changes in environmental contexts. Ecologists have largely ignored the community and ecosystem consequences of phenotypic adjustment to environmental conditions, and thereby effectively have overlooked the potential to explain much of context-dependency (and hence variation) in species interactions. Taking into account such flexibility in individual traits will, we believe, enhance the power of our field to explain ecological patterns and to predict the consequences of environmental change.
This volume grew from a symposium entitled 'Trait-mediated indirect effects in insect communities', held in Durban, South Africa, at the International Congress of Entomology meeting in July 2008. The symposium brought together a collection of international contributors uniquely qualified to evaluate and expand our understanding of how trait-mediated indirect effects structure insect communities. To offer a broader view of the field, we invited additional authors working in a wide range of ecological systems to contribute chapters. We intend to provide ecologists with insight into the 'state-of-the-art' of research focused on trait-based effects, an approach which can link in novel ways individual, population, community and ecosystem www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-00183-1 -Trait-Mediated Indirect Interactions: Ecological and Evolutionary Perspectives Edited by Takayuki Ohgushi, Oswald J . Schmitz and Robert D. Holt Frontmatter More information ecology. Our goal is to foster research on trait-mediated interactions and thereby stimulate ecologists to address more systematically how trait-based effects can modify expectations based on classical approaches that view traits as invariant across environments. This volume reveals in many ways how the conceptual framework of trait-mediated indirect interactions can greatly improve our understanding of evolutionary processes, population dynamics, community structure and stability, and ecosystem properties and functions.
We are very grateful to the British Ecological Society for including this volume in the series titled Ecological Reviews. We thank the authors for their hard work in helping us put this volume together, and the many colleagues who kindly reviewed the chapters. Finally, we particularly thank commissioning editor Dominic Lewis, assistant editor Lynette Talbot and production editor Caroline Mowatt for their assistance with the production of this volume. It has been greatly rewarding for us to be involved in crafting a book focused on this emerging, important research area. 
